Abstract Microfold (M) cells in the follicle-associated epithelium (FAE) of Peyer's patches contribute to the mucosal immune response by the transcytosis of microorganisms. The mechanism by which M cells take up microorganisms, and the functional proteins by which they do this, are not clear. In order to explore one such protein, we developed a 2H5- 
Introduction
The fundamental role of the intestinal epithelium is to uptake nutrients and fluids. In addition, the intestinal epithelium is continually exposed to, and kept in contact with, a wide variety of pathogens. The intestinal epithelium works as an efficient barrier against many of these pathogens and macromolecules (Bjarnason et al. 1995; Madara et al. 1990; Turner 2006) . The gastrointestinal tract has four principal epithelial cell lineages, each of which has a specific location in the mucosal epithelium: absorptive enterocytes in the small intestine comprise the principal epithelial cell lineage of the intestinal mucosa; mucin secreting cells are a type of goblet cell in the small intestine and colon; enteroendocrine cells secrete peptide hormones; and Paneth cells in the small intestine contain large apical secretory granules and express specific proteins, including lysozyme, tumor necrosis factor, and the antibacterial cryptdin molecules (Bjerknes and Cheng 2005; Brittan and Wright 2004; Kanaya et al. 2008; Marshman et al. 2002) . Another less common cell lineage is the M (microfold or membranous) cell. M cells are located in the follicle-associated epithelium (FAE) overlying the gutTetsuya Hondo, Shunsuke Someya and Yuya Nagasawa contributed equally to this work. associated lymphoid tissue (GALT) (Owen and Jones 1974) . M cells play an important role in the inception of the mucosal immune response by delivering microorganisms and macromolecules, via an active transepithelial vesicular transport system from the lumen directly to intra-epithelial lymphoid cells and sub-epithelial lymphoid tissue (Neutra et al. 1996) . Therefore, antigen-presenting cells in the mucosal immune system encounter various antigens entering the body through the gut mucosa (Kraehenbuhl and Neutra 2000) .
Typically, M cells exhibit a unique morphology that differs from the surrounding absorptive enterocytes (Regoli et al. 1995) . The basolateral membrane of M cells is deeply invaginated and forms a pocket-like structure that holds lymphocytes (Bockman 1983; Gebert 1997; Neutra 1999) . Additionally, it is well known that M cells in the small intestine possess irregular and short microvilli in addition to the microfold (Bye et al. 1984) . Despite the important role of M cells in mucosal immune systems, the detailed characterization and life cycle of M cells remain unclear because of difficulties in identifying and isolating this minor cell population.
With respect to both their size and development, previous studies have reported that the ileal Peyer's patches of ruminants are unique. Furthermore, it has been reported that they make up approximately 15 % of the length of the small intestine (Landsverk 1984; Reynolds and Morris 1983) . The Peyer's patches of ruminants are also thought to be histologically mature before birth and involute at a young age, in a similar way to the thymus gland (Beyaz and Asti 2004; Reynolds and Morris 1983) . There are fairly substantial differences in the distribution, structure, and development of ileal Peyer's patches in ruminants relative to other mammalian species. On the other hand, the jejunal Peyer's patches of ruminants resemble those of other mammalian species, as judged by light and electron microscopy (Landsverk 1984) . In spite of the highly characteristic features of M cells and Peyer's patches in ruminants, relatively few investigations have been published.
Investigations of the FAE in bovine Peyer's patches have reported the morphological characteristics of M cells using electron microscopy and enzyme histochemistry (Landsverk 1979 (Landsverk , 1981a (Landsverk , b, 1987 (Landsverk , 1988 Momotani et al. 1988; Paar et al. 1992; Parsons et al. 1991; Torres-Medina 1981) . In addition, several M cell marker proteins have been detected. For example, the specific marker for M cells in BALB/c mice is α-Lfucose, which can be detected by lectin Ulex europaeus type I (Clark et al. 1993; Giannasca et al. 1994; Sharma et al. 1998) , and M cells in rats, pigs, and rabbits can be detected by intermediate filament proteins, such as cytokeratin (CK) 8 (Kucharzik et al. 2000; Rautenberg et al. 1996) , CK18 (Gebert et al. 1994) , and vimentin (Jepson et al. 1992) , respectively. We have previously reported that bovine M cells specifically expressed CK18 in bovine Peyer's patches . However, the functional characteristics of M cells are almost unknown. Recently, it has been reported that glycoprotein 2 is expressed in the surface of murine and human M cells and that it contributes to the uptake of FimH + bacteria by M cells (Hase et al. 2009 ). While it is thought that other pathogens, including HIV-1 and prions, invade through M cells, the proteins involved with this process have not been clarified (Fotopoulos et al. 2002; Heggebø et al. 2000; Heppner et al. 2001; Miyazawa et al. 2010b; Takakura et al. 2011) . The investigation of the membranous protein of M cells is necessary for an understanding of the mechanisms by which M cells sample antigens. In this study, we have established a monoclonal antibody to bovine M cells. We reveal here that the reactive molecule to this antibody was cyclophilin A (Cyp-A), and that Cyp-A was specifically identified in bovine M cells in small intestinal FAE.
Materials and methods

Animals
Ten Holstein calves (6-10 weeks old, male) were used in this study, and were housed in pens under natural light conditions. Additionally, BALB/c mice (6 weeks old, male) were purchased from Japan SLC (Shizuoka, Japan). All animals were clinically healthy and free of infectious diseases. All experimentation was approved by the Institutional Office of Tohoku University and was conducted in accordance with the Institution's guidelines for animal experimentation. These have been sanctioned by the relevant Japanese Government Committee.
Cell culture
The bovine intestinal epithelial cell line (BIE cells), as an established cell line in our laboratory (Miyazawa et al. 2010a) , was used in the experiments. BIE cells were maintained in Dulbecco's modified Eagle medium (DMEM; GIBCO, Grand Island, NY, USA) containing 10 % heatinactivated fetal bovine serum (FBS; Moregate Biotech, Hamilton, New Zealand), 10 U/ml penicillin and 10 μg/ml streptomycin (GIBCO). BIE cells were passaged every 4 days, according to the method of Miyazawa et al. (2010a) .
In order to collect bovine peripheral blood mononuclear cells (PBMC), jugular venous blood of Holstein calves was collected aseptically into heparinized test tubes. PBMC were isolated by a one-step gradient centrifugation (1.077 g/L, Lympholyte-H; CEDERLANE, Hornby, Ontario, Canada) as previously reported (Miyazawa et al. 2006) . PBMC were resuspended in 10 % FBS RPMI 1640 (GIBCO) with human interleukin-2 (IL-2, 20 U/ml; Roche, Basel, Switzerland) and incubated at a concentration of 1 × 10 7 cells/ml for 3 days. The supernatant was collected and stored at −20°C until use.
In order to induce M cell differentiation, BIE cells were seeded at a density of 9 × 10 5 cells onto each well of 12-transwell inserts (3.0-μm-pore-size snapwell filter polycarbonate membrane; Corning, NY, USA) for 3 days and then treated with or without the IL-2-stimulated bovine PBMC culture supernatant for another 3 days. M cell-differentiated BIE cells (M-BIE cells) show morphological and functional feature of M cells (Miyazawa et al. 2010a ).
Development of 2H5-F3 mAb
The 2H5-F3 monoclonal antibody (mAb, IgG 3 ) was obtained by immunizing BALB/c mice with the whole of the M-BIE cells. Briefly, mice were immunized intraperitoneally with 1.35 × 10 6 M-BIE cells. After 14 days, mice were intravenously immunized again with 1.2 × 10 5 cells and sacrificed 5 days later. The splenocytes were fused with SP2/0-ag14-K13 mouse myeloma cells in the presence of 50 % (w/v) polyethylene glycol (4000; Merk Millipore, Billerica, MA, USA). Fused splenocytemyeloma cells were selected by culturing in HAT medium (RPMI 1640 medium containing 2 mM glutamine, 0.2 % glucose, 1 mM pyruvic acid, 10 % FBS, 100 μM hypoxanthine, 0.4 μM aminopterin, and 16 μM thymidine). The hybridoma cells were screened for anti-M cells-reactive antibody production by immunohistochemistry, as described below, and cloned by limiting dilution. The mAb was produced in ascitic fluid of BALB/c mice primed with pristane (Wako, Osaka, Japan), and the mAb was purified by a HiTrap IgM Purification HP Column (GE Healthcare Bio-Science, Buckinghamshire, UK). The subclass and type of mAb were determined by a mouse mAb isotyping kit (Dainippon Sumitomo Pharma, Osaka, Japan).
Immunohistochemistry
The jejunal and ileal Peyer's patches, nasopharynx, duodenum and colon were obtained from Holstein calves and fixed in 4 % formaldehyde freshly prepared from paraformaldehyde in 0.1 M phosphate buffer (PB, pH 7.4) for 24 h at 4°C. The tissues for paraffin section were dehydrated through a series of graded ethanol solutions and embedded in paraffin. The tissues for frozen section were transferred to 8 % gum-sucrose solution (8 % sucrose, 1 % gum arabic) for 24 h at 4°C, washed with 16 % gum-sucrose solution (16 % sucrose, 1 % gum arabic) and frozen in OCT compound (Sakura Finetechnical, Tokyo, Japan). The paraffin sections (4 μm thick) were mounted on silanecoated slide glasses, de-waxed in xylene, rehydrated through a series of graded ethanol solutions, and transferred to PBS (pH 7.4). For staining, the sections were heated in an autoclave in Dako Target Retrieval Solution (Dako, Glostrup, Denmark) for 5 min to facilitate antigen retrieval. After blocking with 3 % normal goat serum in PBS for 30 min, the sections were incubated with 2H5F3 mAb (1.2 μg/ml) or mouse IgG 3 isotype control (1.2 μg/ml; Thermo Scientific, Rockford, IL, USA) for 14 h at 4°C in a moist chamber, and then reacted with Histofine Simplestain MAX-PO (M) (Nichirei, Tokyo, Japan) as a secondary antibody for 1 h. Finally, the sections were visualized by 3,3′-diaminobenzidine tetrahydrochloride (DAB; Dojin Laboratories, Kumamoto, Japan) and then counterstained with Mayer's hematoxylin for 30 s. Anti-cytokeratin (CK) 18 (IgG 1 , 1:1,000; Sigma, St. Louis, MO, USA) mAb and 2H5-F3 mAb (1.2 μg/ml) were used for immunofluorescent dual staining . The frozen sections (7 μm thick) were treated with 3 % normal goat serum for 30 min, incubated with primary antibodies for 14 h at 4°C in a moist chamber, rinsed in PBS, incubated with Alexa Fluor 488 goat anti-mouse IgG 1 (1:200; Molecular Probes, Leiden, The Netherlands) and Alexa Fluor 594 goat anti-mouse IgG 3 (1:200; Molecular Probes) as secondary antibodies for 1 h, and then counterstained with 4′,6-diamidino-2-phenylindole (DAPI). The sections were observed by confocal scanning laser microscopy. To determine the specificity of immunostaining, negative controls were run in which the primary antibody was omitted.
Immunocytochemistry BIE and M-BIE cells on transwell inserts were washed with cold PBS, fixed in methanol-acetone (v/v) for 7 min at −20°C. Following washing three times with PBS, the transwell inserts were incubated in PBS containing 3 % normal goat serum for 30 min at room temperature and then treated with rabbit antihuman cyclophilin A (Cyp-A) polyclonal antibody (pAb) (IgG, 1:2000; Abcam, Cambridge, UK) and 2H5-F3 mAb (1.2 μg/ml) in PBS for 2 h at 4°C. After washing, the chamber slides were incubated with Alexa Fluor 488 goat anti-rabbit IgG (1:200; Molecular Probes) and Alexa Fluor 594 goat antimouse IgG 3 (1:200; Molecular Probes) as secondary antibodies for 1 h, and then counterstained with 4′,6-diamidino-2-phenylindole (DAPI). These slides were observed using a confocal laser microscope.
Immunoelectron microscopy
Bovine jejunal and ileal tissues were fixed in 4 % formaldehyde freshly prepared from paraformaldehyde in 0.1 M PB (pH 7.4) for 14 h at 4°C. The fixed samples were washed three times with PB, dehydrated in a graded ethanol series, infiltrated with LR White (Plano, München, Germany), and sectioned into 60 nm thicknesses by ultramicrotome. The sections were mounted on formvar-coated nickel grids, and subsequently blocked with 1 % bovine serum albumin, 3 % skim milk and goat serum for 30 min at RT. The grids were then incubated for 14 h at 4°C with 2H5-F3 antibody (1.2 μg/ml). After washing with PB, the preparations were incubated for a, d, g ) and 2H5-F3 (IgG3) (b, e, h) monoclonal antibodies. CK18 and the antigens recognized by the 2H5-F3 mAb were visualized by Alexa Fluor-labeled goat anti-mouse IgG1 (green) and goat anti-mouse IgG3 (red), respectively. The sections were counterstained with DAPI. F FAE; V villous epithelium. Bars 20 μm 1 h with goat anti-mouse IgG conjugated to 20 nm gold particles (BBI Solutions, Cardiff, UK) diluted in 1:200. Sections were washed five times with PB and were fixed with 2.5 % glutaraldehyde in 0.1 M PB (pH 7.4) for 10 min and then were washed in distilled water. The sections were examined by TEM (H8100; Hitachi, Japan).
Western blot analysis
The proteins of the cell membrane and cytosol fractions were extracted from M-BIE cells using a Transmembrane Protein Extraction Kit (Merck) and their protein concentrations were determined using a BCA Protein Assay Kit (Thermo, Waltham, MA, USA). The reduced cell membranous protein (20 μg) was separated by SDS-PAGE using 5-20 % e-PAGEL (ATTO, Tokyo, Japan) and electrotransferred onto Immobilon-P membrane (Merck Millipore). After the electrotransfer, the membrane was blocked with 0.05 % Tween 20/tris buffer saline (TBS-T) containing 3 % skim milk and 3 % normal goat serum overnight at 4°C. After three washes with TBS-T for 10 min, the membrane was treated with rabbit anti-Cyp-A pAb (1:2,000) or 2H5-F3 mAb (1.2 μg/ml). As negative control Ab, normal goat serum (1:2,000) or mouse IgG (1.2 μg/ml, IgG from murine serum, Sigma) was used. The membrane was washed and incubated with a goat anti-rabbit IgG conjugated with alkaline phosphatase (1:10,000, diluted TBS-T containing 3 % skim milk; Life Technologies, Carlsbad, CA, USA) or a goat anti-mouse IgG conjugated with alkaline phosphatase (1:10,000, diluted with TBS-T containing 3 % skim milk; BD, Franklin Lakes, NJ, USA) for 1 h. After three washes, the immunoreactive proteins were detected using an ECF reagent (GE Healthcare Bio-Sciences) and Molecular Imager FX (BioRad, Hercules, CA, USA).
BIE and M-BIE cells were cultured on transwell inserts, washed three times with DMEM (FBS Free), and then incubated in DMEM (FBS-free) for 9 h. The apical and basal media and the cells were collected. The media (15 μl) and the cytosolic protein (3 μg) were subjected to western blot analysis using rabbit anti-Cyp-A pAb (1:10,000) or anti-β-actin mAb (1:2,000; Sigma) as an internal standard.
Identification of 2H5-F3 Ag molecule
The cell membranous protein (120 μg) and 2H5-F3 mAb (2.45 μg) were incubated for 14 h at 4°C and immunoprecipitated using MACS protein G (Miltenyi Biotec, Bergisch Gladbach, Germany), according to the manufacturer's instructions. The samples were separated by SDS-PAGE and stained with Silver Stain MA Kit (Wako, Osaka, Japan). The 2H-F3 mAb-reactive protein at 18 kDa was cut off and then identified by liquid chromatography/tandem mass spectrometry (LC-MS/MS) analysis (Japan Proteomics, Sendai, Japan). As a negative control, mouse IgG (IgG from murine serum; Sigma) was used. In addition, the immuno-precipitates with rabbit anti-Cyp-A pAb (1:2000; Abcam) and 2H5-F3 mAb were separated by SDS-PAGE and subjected to western blot analysis described above.
Flow cytometry
BIE and M-BIE cells were treated with a sucrose/EDTA buffer (pH 7.5; 0.45 M sucrose, 0.36 % EDTA and 0.1 % BSA in PBS) for 4 min, detached by 0.04 % trypsin in PBS, and resuspended in PBS. The cells were incubated with rabbit antiCyp-A pAb (1:250) and 2H5-F3 mAb (4 μg/ml) for 30 min at 4°C, and then washed with PBS three times. The cells were incubated with Alexa Fluor 488 goat anti-rabbit IgG (1:200; Molecular Probes) and Alexa Fluor 488 goat anti-mouse IgG 3 (1:200; Molecular Probes) as secondary antibodies for 30 min at 4°C, washed three times, and re-suspended in FACS Flow diluent (BD) for flow cytometry analysis. As negative controls, mouse IgG (IgG from murine serum; Sigma) or normal goat serum was used (Vector Lab, Birmingham, CA, USA).
Statistical analysis
Values are reported as means ± SE. Statistical analyses were performed using one-way ANOVA followed by Tukey's test to evaluate statistical differences among the groups. P values < 0.05 were considered as statistically significant.
Results
Localization of 2H5-F3 mAb positive-cells in villi and FAE of bovine jejunum and ileum
One hybridoma clone was identified as producing mAb reacting to bovine FAE and the mAb was termed 2H5-F3 mAb. We investigated the localization of 2H5-F3 mAb- were immune-stained with 2H5-F3 mAb. b-c, e-f and h-i are higher magnification of (a), (d) and (g), respectively. Bars 40 μm positive cells in bovine jejunal and ileal Peyer's patches, using immunohistochemistry. 2H5-F3 mAb-positive cells were localized in the FAE and the crypt epithelium in bovine jejunum and ileum, but not the villous epithelium (Fig. 1) . Some of immunocytes in sub-epithelial area were also 2H5-F3 mAb-positive cells. The 2H5-F3 mAb-positive epithelial cells were detected intermittently in the jejunal FAE, while continuously in the ileal FAE (Fig. 1b, f) . The 2H5-F3 mAb-reactive molecule was strongly observed in the luminal side of the cells in FAEs. On the other hand, in the crypt, most cells expressed the 2H5-F3 mAbreactive molecule in the whole cytoplasm (Fig. 1c, g ). There was no positive cells detected by the mouse isotype control IgG (Fig. 1d, h ).
Localization of 2H5-F3 mAb-reactive molecule in M cells and crypt cells of bovine small intestine
In order to examine the reactivity of 2H5-F3 mAb to M cells, we immunostained the jejunal and ileal sections using anti-CK18 mAb, as a marker protein of M cells in bovine FAE ) and 2H5-F3 mAb (Fig. 2) . CK18-positive cells were localized in the FAE and crypt, but not the villous epithelium. CK18-positive cells were intermittent in the jejunal FAE and continuous in the ileal FAE. All the cells of the crypt expressed CK18 in the jejunum and ileum. The CK18-positive cells were mostly consistent with the 2H5-F3 mAb-positive cells in the jejunum and ileum. These data indicated that bovine M cells and immature cells in the small intestine expressed the 2H5-F3 mAbreactive molecule. In CK18-positive M cells, the 2H5-F3 Immunoelectron microscopic analysis of 2H5-F3 mAb reactive molecule in bovine Peyer's patches
We observed the ultrastructural localization of 2H5-F3 mAb reactive molecules by immunoelectron microscopic analysis. M cells were easily recognized by their morphological characteristics of M cells with irregular and sparse microvilli (Fig. 3) . They were localized intermittently between villous epithelial cells in jejunal FAE (Fig. 3a-c) . The ileal FAE was almost filled up with M cells having irregular microvilli, but not with villous epithelial cells (Fig. 3d-f) . In jejunal FAE, 2H5-F3 mAb reactive molecules were only identified in M cells, and not in villous epithelial cells. In addition, these molecules in M cells were observed on the luminal membrane surface and in the apical side of cytoplasm ( Fig. 3b ), but not in the basolateral side (Fig. 3c) . In ileal FAE, 2H5-F3 reactive molecules were observed on the cell membrane and the cytoplasm at the luminal side of M cells (Fig. 3e) , but not at the basolateral side (Fig. 3f) . In addition, these molecules were localized in the whole cytoplasm of cells in the crypt (Fig. 3g) , and were identified in the cytoplasm of some immunocytes in the sub-epithelial area (Fig. 3h ). These observations indicate that 2H5-F3 mAb reactive molecules may be localized in the granular particles of cells, as for the immunostaining patterns in Fig. 2 .
Reactivity of 2H5-F3 mAb to bovine nasopharynx, duodenum and colon
We investigated the localization patterns of the 2H5-F3 mAbreactive molecule in the bovine nasopharynx, duodenum and colon using immunostaining. In the nasopharynx, 2H5-F3 reactive molecule was not observed in the epithelium but strongly expressed in the gland part (Fig. 4a-c) . In the duodenum, the 2H5-F3 mAb-reactive molecule was detected in the Brunner's gland but not in the duodenal chorioepithelium and the crypt (Fig. 4d-f) . In the colon, the 2H5-F3 mAb-positive cells were observed in almost all normal crypt cells and weakly in the absorptive epithelium ( Fig. 4g-i) .
Identification of 2H5-F3 mAb-reactive molecule
The membrane protein of M cell-differentiated BIE (M-BIE) cells was separated by SDS-PAGE and silver stained (Fig. 5, lane  1) . The western blot analysis shows that 2H5-F3 mAb bound to a membrane protein at 18 kDa (Fig. 5 , lane 2), and that there was no band detected using a mouse isotype control IgG (Fig. 5, lane  3) . We performed an immuno-precipitation using the membrane protein of M-BIE incubated with the 2H5-F3 mAb and using silver staining detected a single band at 18 kDa ( Fig. 5 lane 4) , which was the same size as that determined in the Western blot analysis, though not when immuno-precipitating with the mouse isotype control IgG (Fig. 5 lane 5) . Therefore, the band detected at 18 kDa in lane 4 was extracted from the gel and subjected to LC-MS/MS analysis. The LC-MS/MS results from the database search are summarized in Table 1 . These results suggested that 2H5-F3 mAb-reactive molecule was Cyp-A. In order to clarify whether the 2H5-F3 mAb-reactive molecule was indeed Cyp-A, we immuno-precipitated the membrane proteins of M-BIE cells with a commercially purchased rabbit anti-Cyp-A pAb as well as the 2H5-F3 mAb. The immuno-precipitates were subjected to western blot analysis using rabbit anti-Cyp-A pAb (R) and 2H5-F3 mAb (M) (Fig. 6) . The 2H5-F3 mAb (M) bound to an 18 kDa molecule in the immuno-precipitate of the membrane protein with the 2H5-F3 mAb. Rabbit anti-Cyp-A pAb (R) also recognized the immuno-precipitated molecule at the same position. The immuno-precipitated molecule with rabbit anti-Cyp-A pAb was also detected at 18 kDa with the rabbit anti-Cyp-A (R) pAb and 2H5-F3 mAb (M).
Cyp-A localization pattern in BIE and M-BIE cells
In order to examine the localization of Cyp-A in BIE and M-BIE cells, we immunostained BIE and M-BIE cells using rabbit anti-Cyp-A pAb and 2H5-F3 mAb (Fig. 7) . Rabbit anti-Cyp-A pAb and 2H5-F3 mAb also reacted with the BIE cells and their staining positions were mostly consistent (Fig. 7a-c) . The staining of M-BIE cells shows that the reactivity of rabbit anti-Cyp-A pAb closely resembles that of 2H5-F3 mAb. These data also indicate that the 2H5-F3 mAb-reactive molecule was Cyp-A ( Fig. 7d-f ). In addition, the granular localization patterns of Cyp-A were observed in BIE and M-BIE cells in common with immunoelectron microscopic analysis (Fig. 3) .
We investigated Cyp-A localization in the surface membrane of BIE and M-BIE cells by FACS analysis using rabbit anti-Cyp-A pAb or 2H5-F3 mAb (Fig. 8) . Rabbit Cyp-A pAb reacted to 7.3 % of BIE cells and 33.4 % of M-BIE cells (Fig. 8a, b) . 2H5-F3 mAb-positive cells were 20.2 % of the BIE cells and 59.3 % of the M-BIE cells (Fig. 8c, d ). These data indicate that Cyp-A is presented in both of BIE cells and M-BIE cells, but is localized in the cell cytoplasm of BIE cells and the cell membrane of M-BIE cells. These results were firmly supportive of immune-staining data (Figs. 1, 2) and immunoelectron microscopy data (Fig. 3 ).
Cyp-A secretion level by BIE and M-BIE cells
We examined the expression of intracellular and extracellular Cyp-A of BIE and M-BIE cells. There were no significant differences in the total amount of cytosolic Cyp-A between BIE cells and M-BIE cells (Fig. 9a, b) . However, the Cyp-A, secreted from M-BIE cells, increased nearly three-fold compared with that of the BIE cells in both of the apical and basal medium (Fig. 9e-h ). These data indicate that the differentiation towards the M cell type of BIE cells increased the amount of Cyp-A at the cell membrane as well as the secretion of Cyp-A.
Discussion
Cyp-A is a member of the cyclophilin family, a group of proteins with peptidyl-prolyl cis-trans isomerase activity, and which acts as a chaperone to assist the folding or the assembly of other macromolecular structures (Fischer et al. 1989; Wang and Heitman 2005) . Such proteins are collectively known as Fig. 9 Production of Cyp-A from BIE and M-BIE cells. BIE (a) and M-BIE (b) cells on transwell inserts were incubated in DMEM (FBS-free) for 9 h. After washing the cells, they were incubated with rabbit anti-Cyp-A pAb, then stained by Alexa Fluor goat antirabbit IgG (green), and counterstained by DAPI (bars 5 μm). The cytosolic protein was subjected to western blot analysis using rabbit anti-Cyp-A pAb or mouse anti-β-actin mAb (c). The results were quantified by densitometric analysis using NIH Image, normalized by the level of β-actin and standardized to the value of BIE cells as control (d). Apical (e, f) and basal (g, h) medium in the transwell inserts were subjected to western blot analysis using rabbit anti-Cyp-A pAb (e, g). The results were quantified by densitometric analysis and standardized to the expression levels of BIE and M-BIE cells, respectively (f, h) immunophilins, and also contain FK-506-binding proteins and the parvulins (Fruman et al. 1994 ). Cyp-A was identified as the cellular target for the immunosuppressive drug cyclosporin A (Handschumacher et al. 1984) . Cyp-A forms a complex with cyclosporin A, and the complex formation prevents calcineurin from regulating cytokine gene transcription of T cells (Flanagan et al. 1991) . Cyp-A is present as a relatively abundant protein in the cytoplasm of all mammalian cells. However, there have not been any reports that have focused on the extracellular and detailed localization pattern of Cyp-A in the intestine, especially the intestinal epithelium.
In the FAE of bovine Peyer's patches, Cyp-A-positive cells co-stained with CK18, the marker protein of bovine M cell. The localization of Cyp-A also identified transit-amplifying cells in all of the crypt area of the bovine jejunum and ileum. In the bovine Peyer's patches of the small intestine, transit-amplifying cells in the crypt area express CK18, move to the top of the villi and gradually exchange CK18 for CK20 as they progress. M cells in bovine small intestine keep expressing CK18 but not CK20 . Therefore, these data indicate that Cyp-A-positive mature epithelial cells are M cells in the jejunum and the ileum. The BIE cell line were established from the duodenum of a Japanese Black fetal calf (Miyazawa et al. 2010a ). BIE cells are close to intestinal stem cells or transit-amplifying cells, and have the potential ability to differentiate into M cells. Therefore, it is considered that not only M cell-differentiated BIE cells but also BIE cells were identified by the anti-Cyp-A. Interestingly, we observed that Cyp-A is localized at the luminal side of CK18-positive M cells in the bovine jejunal and ileal Peyer's patches, using immune-staining. In addition, Cyp-A is localized not only in the apical side of cytoplasm, but on the cell membrane of M cells by immunoelectron microscopic ultrastructural analysis. In the in vitro study, the FACS analysis also demonstrated that the differentiation of BIE toward the M cell lineage increases the amount of Cyp-A on the surface of cell membrane. Accordingly, Cyp-A may be the cell surface protein for M cells in the mature small intestinal epithelium of cattle.
Studies of the human immunodeficiency virus type 1 (HIV-1) have reported that HIV-1 Gag polyprotein binds to Cyp-A and incorporates this cellular peptidyl prolyl-isomerase into virions, while disruption of Cyp-A incorporation by cyclosporine A inhibits the infectivity of the virions. This indicates that Cyp-A plays an essential role in the HIV-1 life cycle (Towers et al. 2003) . It has also been reported that Cyp-A is involved in infection and replication of the hepatitis C virus, vaccinia virus, vesicular stomatitis virus and influenza virus (Zhou et al. 2012) . These data indicate that Cyp-A is a key factor in the infection of several viruses. M cells have a potential to uptake luminal antigens and are also thought to be the entry site by bacteria containing Yersinia, HIV and prions (Clark et al. 1998; Heggebø et al. 2000; Heppner et al. 2001; Miyazawa et al. 2010b; Takakura et al. 2011 ). Accordingly, Cyp-A on the surface of cell membrane of M cells may assist the sampling of several kinds of virus as a receptor or cofactor with peptidyl-prolyl cis-trans isomerase activity.
Cyp-A are typically known as intracellular proteins. However, it has been reported that Cyp-A is also secreted by macrophages and causes the chemotaxis of immuno-competent cells with a membrane receptor CD147, independent of its peptidyl-prolyl cis-trans isomerase activity (Sherry et al. 1992; Song et al. 2011; Zhu et al. 2005) . The detail of the mechanism by which Cyp-A is secreted is not yet known, but it has been reported that vascular smooth muscle cells secrete Cyp-A by a vesicular pathway (Suzuki et al. 2006) . M cells in the FAE covering Peyer's patches keep some immuno-competent cells in order to facilitate an early immune response (Kernéis et al. 1997) . Chemokines have a key role for the formation of the lymphoid follicle and the recruitment of the immuno-competent cells in Peyer's patches (Hase et al. 2006; Zhao et al. 2003) . Our data show that M cell-differentiated BIE cells can secrete Cyp-A, suggesting that Cyp-A secreted by M cells may contribute to mucosal immunity in order to attract CD147-positive immunocompetent cells. It is known that chemokines are involved in various inflammatory diseases to facilitate the migration of immune cells and it has been reported that deletion of chemokine receptor 5 causes the recovery of mouse models of inflammatory bowel disease (Andres et al. 2000; Banks et al. 2003; MacDermott 1999) . These clinical observations suggest that Peyer's patches and M cells are potential sites of the inflammatory onset in Crohn's Disease (Gullberg and Söderholm 2006) , implying that excessive production of Cyp-A by intestinal epithelium cause inflammatory bowel disease.
